Geologic section of the 01A, CW, and BF cores (modified from Tuttle, 1991a considered a means of reducing dependence on foreign oil and improving national security (Andrews, 2006) . In addition to the renewed interest in oil shale development, current research into Green River carbonate minerals provides insight into a variety of environmental factors during the Eocene Epoch such as atmospheric pCO 2 , climate, geography, chemical weathering, and physical erosion (Norris and others, 1996; others, 2006, 2008; Lowenstein and Demicco, 2006) .
Between 1983 and 1996, a series of published papers (Tuttle and others, 1983; Tuttle, 1988; Collister and Hayes, 1991; Dean and Anders, 1991; Tuttle, 1991a, b; Tuttle and Goldhaber, 1991, 1993; Pitman, 1996) presented geochemical data for a set of oil shale samples collected from depositional-center cores within the three major Green River basins in Wyoming, Utah, and Colorado ( fig. 1 ). The major, minor, and trace chemistry, and some of the carbonate isotopic data collected on these samples,
were not included in these publications. The purpose of this report is to make available the U.S.
Geological Survey's chemical, isotopic, and mineralogical data collected on this well-described set of samples that are archived in the U.S. Geological Survey (USGS) Core Library, Denver, Colo.
Previously unpublished carbon chemical and carbonate isotopic data for the Mahogany zone in three additional Green River cores (two in Colorado and one in Utah) also are included. The objective for publishing these data now in one report, and in a web accessible format, is to make them readily available to researchers conducting geochemical studies during this recent boom in the cycle of Green River Formation research. Formation cores (modified from Trudell and others, 1982) . Hierarchical, unbalanced, analysis-of-variance sampling designs (Miesch, 1976) were used in sampling the cores to assure objectivity and optimal coverage given the limited resources for sample analysis. Designs for the 01A, CW, and BF cores are detailed in Tuttle (1991a) . Samples from the SHELL, BC, and WOSCO cores were collected every three feet through the Mahogany zone.
Sample Collection
Additional samples from atypical intervals were also collected from these three cores and include zones of massive sulfides and unusual textures or bedding. In Colorado and Utah, a total of 231 samples were collected from the Mahogany Zone of the Green River Formation, 161 from the Parachute Creek
Member below the Mahogany Zone, 26 samples from the Garden Gulch Member (Colo.), and 26 from the Douglas Creek Member (Utah). In Wyoming, 7 samples were collected from the Laney Member, 23 from the Wilkins Peak Member, and 5 from the Tipton Shale Member.
Samples were removed from the core with a water-cooled saw and promptly dried to minimize oxidation of sulfides and dissolution of salts. They were described with respect to lithology and megascopic appearance, and, in most cases, photographed. Thin sections were made of most samples (cut and ground in oil) and polished if sulfide minerals were observed. Splits of samples for analyses were ground with ceramic-plates to pass a 130-µm mean diameter mesh screen. Figure 2. Geologic section of the 01A, CW, and BF cores (modified from Tuttle, 1991a) .
Methods Oil Yield, Chemical, and Isotopic Analyses
Oil yield (gal/ton) was determined by Fischer assay and most values reported herein were extrapolated from depth plots that were available with the core descriptions. The C total and C organic concentrations were determined on untreated and HCl acid-treated samples using a Leco induction furnace with a thermal conductivity cell (Leco model WR-32). The C carbonate concentrations were determined by difference. The S total concentrations were determined using a Leco induction furnace connected to an infrared detection system (Leco model IR-32). Major-oxide concentrations were analyzed by wavelength dispersive X-ray fluorescence spectroscopy (WDXRF) (Taggert and others, 1990). Major-, minor-, and trace-element concentrations were analyzed by inductively coupled plasmaatomic emission spectrometry (ICP-AES) (Briggs, 1990) . Elements with concentrations below the ICP-AES lower limit of determination in all samples are listed in table 2. Rock-Eval pyrolysis data (H-index and O-index) were generated using the method of Espitalié and others (1977) described in Dean and Anders (1991) . Sulfur species (sulfate, monosulfide, disulfide, and organosulfur) were separated by a scheme described in Tuttle and others (1986) , and the concentrations of the different species were gravimetrically quantified. Sulfur isotopes were determined by conversion of products from the speciation scheme to SO 2 that was analyzed by mass spectrometry (MS) (the procedure and calibration standards used are discussed in Wasserman and others, 1992 RD % = (|x 1 -x 2 |/(|x 1 +x 2 |/2))(100),
where x's are duplicate analytical concentrations. The ARD in percent is calculated by equation 4:
where n is the number of analytical pairs. Except for TiO 2 (ARD . 6.8 percent), values for XRF analyses are less than 5 percent. The . ARD values for most of the ICP-AES elements are less than 10 percent (exceptions are Ba, 13 percent; Ni, 13 percent; Cr, 14 percent, Mo, 21 percent; and Cr, 26 percent). The ARD values for isotopes of carbonates (δ 13 C and δ 18 O) are less than 3 percent. Table 3 . Average relative difference in percent (ARD) for duplicate sample splits.
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Results
Chemical, isotopic, mineralogical and sulfide petrographic data collected from core samples (table 1) are tabulated in the Appendix tables (tables 1-1 -1-9). Mineralogical and petrological data are from Tuttle (1991a, b) , sulfur speciation and isotope data are from Tuttle and Goldhaber (1991) , Rock-Eval pyrolysis data are from Dean and Anders (1991) , and the carbonate isotopic data for samples from 01A and CW cores are from Pitman (1996) .
Previous studies have shown that geochemical data can be traced within an oil shale basin, supporting the hypothesis that similar depositional conditions prevailed across large aerial extents. An excellent example of widespread depositional conditions is the correlation of sulfur cycles and chemistry throughout the Green River section in cores across the Piceance basin (Dyni, 1983; Tuttle and others, 1983) . These types of data support the hypotheses that the data reported herein is representative of a large amount of the Green River oil shale within respective basins.
Archive of Oil Shale Samples and Core Literature
Ground and un-ground splits for most samples discussed in this report are archived at the USGS Core Library in Denver, Colo. Thin sections are currently housed with the author, but, in the near future, they will become part of the archive along with core descriptions, Fischer assay logs and data, sample/core photographs, sampling notebooks that include a detailed description for each sample, and relative XRD peak-height data. It is the hope of the author that these resources and the data published herein and in the cited references provide a useful starting place for future geochemical research on the Green River oil shale. [blanks indicate no data]
